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(57) ABSTRACT 

The present invention relates to a sterilizing device (1), 
comprising at least one chamber (2) for sterilizing products 
(4), a primary fluid circuit (3) connected to the chamber (2) 
for providing hot water and/or hot steam to the chamber, a 
secondary fluid circuit (8) for heating and/or cooling the 
primary fluid circuit (3), wherein the secondary fluid circuit 
(8) is connected to the primary fluid circuit (3) by means of 
a second heat exchanger (5), and a stratified storage tank 
(11) in the secondary fluid circuit (8) having a plurality of 
temperature zones (12), wherein the temperature Zones (12) 
can be separately charged with and discharged of the fluid of 
the secondary fluid circuit (8). 

19 Claims, 1 Drawing Sheet 
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STERILIZING DEVICE AND 
STERILIZATION METHOD HAVING 

ENERGY RECOVERY 

BACKGROUND OF THE INVENTION 

The present invention relates to a device and a method for 
sterilizing products with hot water and/or hot steam. 
The terminal sterilization, in particular hot water spray 

ing, is generally carried out on a relatively large scale, for 
example with volumes of over 5 m, in order to be able to 
sterilize a quantity of products per run which is as large as 
possible. The run time can be influenced by means of the 
quantity of available media, the size of the heat exchangers 
and the obtainable temperature of the heating or cooling 
media. The design of these components is in turn not only 
dependent on the loading density, the product and the 
required process time but also on the size and mass of the 
sterilizer which has to be consecutively heated or cooled. A 
very large energy consumption is associated with the con 
tinuous cooling and heating of the sterilizing device. 

SUMMARY OF THE INVENTION 

It is possible to significantly reduce the energy consump 
tion for sterilizing products using the sterilizing device 
according to the invention and the sterilization method 
according to the invention. Energy savings up to 40% are 
possible when heating the fluid for the chamber for the 
sterilization process and up to 60% when cooling said fluid. 
This is achieved by a sterilizing device comprising at least 
one chamber for sterilizing products and a primary fluid 
circuit connected to the chamber. The primary fluid circuit is 
used to provide hot water and/or hot steam to the chamber 
or, respectively, the products. In addition, the sterilizing 
device comprises a secondary fluid circuit and a second heat 
exchanger. The secondary fluid circuit is connected to the 
primary fluid circuit by means of the second heat exchanger; 
thus enabling the primary fluid circuit to be heated and/or 
cooled by means of the second fluid circuit. The sterilizing 
device further comprises a stratified storage tank in the 
secondary fluid circuit. The stratified storage tank comprises 
a plurality of temperature Zones, wherein the individual 
temperature Zones can be separately charged with and dis 
charged of the fluid of the secondary fluid circuit. In order 
to cool the primary fluid circuit, heat is therefore removed 
from said primary fluid circuit by means of the second heat 
exchanger. In so doing, a warming of the fluid in the 
secondary fluid circuit occurs. This heat can be stored in the 
temperature Zones of the stratified storage tank. During the 
Subsequent heating of the fluid in the primary fluid circuit, 
the heat is removed from the stratified storage tank and 
transmitted via the second heat exchanger to the primary 
fluid circuit. The individual temperature Zones of the strati 
fied storage tank enable fluid to be held available at different 
temperatures. The primary fluid circuit is Supported by a 
mixing of the fluid from the individual temperature Zones or 
by removing said fluid in a stratified manner from the 
individual temperature Zones in order to be heated or cooled 
to the desired temperature. The primary fluid circuit prefer 
ably comprises a first heat exchanger. The first heat 
exchanger is connected to an independent heating or cooling 
line; thus enabling the primary fluid circuit to also be 
operated independently of the second fluid circuit. The 
energy consumption of the sterilizing device can be signifi 
cantly reduced by the use of the stratified storage tank 
according to the invention. 
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2 
Provision is preferably made for a third heat exchanger. 

Said third heat exchanger is used to additionally cool the 
fluid in the secondary fluid circuit, wherein the third heat 
exchanger is connected to an external cooling circuit. 

Provision is particularly made for the third heat exchanger 
to be integrated into the stratified storage tank. In particular, 
the third heat exchanger is thereby installed in the tempera 
ture Zone having the lowest temperature, i.e. particularly in 
the lowest temperature Zone. It is possible by means of the 
integrated third heat exchanger to cool the fluid directly in 
the stratified storage tank and/or when said fluid is flowing 
out of the stratified storage tank in order thereby to increase 
the efficiency of the energy savings during the cooling 
process. 
The stratified storage tank comprises respectively one 

separate, controllable connection to the temperature Zones. 
The individual temperature Zones can be directly charged 
with and discharged of fluid via this controllable connection. 
The controllable connections are thus used during the 
removal of fluid from the stratified storage tank for the 
mixing of fluid to achieve the desired temperature or for 
removing said fluid in a stratified manner. When charging 
the stratified storage tank, the fluid is guided via the con 
trollable connections into the correct temperature Zone. 
The stratified storage tank is particularly designed to 

accommodate a fluid column. In so doing, the different 
temperature Zones are disposed on top of one another or 
adjacent to one another. 

In order to prevent the fluid of different temperature Zones 
from mixing to the greatest possible extent, separators are 
provided in the stratified storage tank. The separators do not 
necessarily have to completely separate the temperature 
Zones from one another. The separators are primarily used to 
prevent a turbulent mixing of the fluid of different tempera 
ture ZOneS. 

The stratified storage tank comprises at least three, pref 
erably at least four temperature Zones which can be sepa 
rately charged with and discharged of fluid. 
By means of the secondary fluid circuit comprising a 

stratified storage tank, a plurality of chambers can also be 
Supplied with respectively one primary fluid circuit in a 
preferable manner. In so doing, a second heat exchanger, 
which is connected to the secondary fluid circuit, is provided 
per primary fluid circuit. 
A control device is furthermore preferably provided, 

which controls the volume flow in the individual fluid lines, 
in particular in the connections of the stratified storage tank, 
in an open or closed loop. 
The invention furthermore comprises a sterilization 

method comprising the following steps: (i.) sterilizing of 
products in a chamber with hot water and/or hot steam from 
a primary fluid circuit, (ii) optional heating or cooling of the 
primary fluid circuit by means of a secondary fluid circuit, 
and (iii) storing of the fluid of the second fluid circuit in 
different temperature Zones. 
The advantageous embodiments of the sterilizing device 

according to the invention can correspondingly be advanta 
geously applied to the sterilization method according to the 
invention. 

Provision is preferably made for the fluid of the secondary 
fluid circuit to be mixed from the different temperature Zones 
or to be removed in a stratified manner. Accordingly, pro 
vision is also preferably made for a return flow coming from 
the second heat exchanger to be correspondingly divided up 
over the different temperature Zones. 
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Provision is furthermore preferably made for the stored 
fluid, preferably in the temperature Zone having the lowest 
temperature, to be able to be additionally cooled by means 
of a cooling circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An exemplary embodiment of the invention is described 
below in detail with reference to the accompanying drawing. 
In the drawing: 

FIG. 1 shows a circuit diagram of an inventive sterilizing 
device according to one exemplary embodiment. 

DETAILED DESCRIPTION 

FIG. 1 shows a circuit diagram of a sterilizing device 1 
according to the exemplary embodiment. The sterilizing 
device 1 comprises a chamber 2. Products to be sterilized are 
disposed in this chamber 2. The chamber 2 is connected to 
a primary fluid circuit 3. In said primary fluid circuit 3, the 
fluid is conveyed by means of a first pump 9 and heated or 
cooled down by means of a heat exchanger 19. The products 
4 in the chamber are sprayed with hot water by means of the 
primary fluid circuit 3. A steam inlet 6, a cooling medium 
Supply line 20, a cooling medium return line 21 and a 
condensate drain 7 are configured at the first heat exchanger 
19. 
A second heat exchanger 5 is furthermore provided. The 

second heat exchanger 5 connects the primary fluid circuit 3 
to a secondary fluid circuit 8. The secondary fluid circuit 8 
is used to heat and cool the primary fluid circuit 3. This heat 
exchange takes place across the second heat exchanger 5. 
The fluid, preferably water, in the secondary fluid circuit 

8 is conveyed by means of a second pump 10. Saidpump can 
be individually regulated as to the output thereof. 

The secondary fluid circuit 8 further comprises a stratified 
storage tank 11. A fluid column, which is subdivided into 
different temperature Zones that are disposed on top of one 
another or adjacent to one another, is situated in said 
stratified storage tank 11. Individual connections 13 lead to 
the temperature Zones 12. The individual temperature Zones 
12 of the stratified storage tank 11 can be charged with and 
discharged of fluid via said connections 13. To this end, the 
connections 13 comprise check valves or mixing valves 
which can be controlled via a control device in an open or 
closed loop. 

In addition, separators 18 are provided between the tem 
perature Zones 12, said separators preventing a turbulent 
mixing of the fluid in the stratified storage tank 11 to the 
greatest possible extent. 
The fluid for the secondary fluid circuit 8 can be mixed to 

the appropriate temperature or removed in a stratified man 
ner. As a result, it is possible to heat and cool down the 
primary fluid circuit 3 in a targeted manner via the second 
heat exchanger 5. 
A third heat exchanger 14 is provided for an additional 

cooling of the secondary fluid circuit 8. The third heat 
exchanger 14 is integrated into the stratified storage tank 11, 
in particular into the lowest temperature Zone 12. The third 
heat exchanger 14 is connected to an external cooling circuit 
15. 
A pressure compensation device 16 is furthermore pro 

vided in the secondary fluid circuit 8. 
The illustration in FIG. 1 shows a further arrangement 17 

which likewise comprises a primary fluid circuit 3, a cham 
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4 
ber 2 and a first heat exchanger 19. A plurality of these 
further arrangements 17 can be connected to the secondary 
fluid circuit 8. 
A heating device, for example a boiler for additionally 

heating up the secondary fluid circuit 8 is not shown in FIG. 
1. The full energy for heating the chamber 2 is required in 
the first sterilization cycle. The water temperature in the 
primary fluid circuit is approximately 121°C. in the steril 
ization phase. 
The stratified storage tank 11 is always filled with the fluid 

of the second fluid circuit 8, in particular with water, wherein 
the temperature of the fluid rises from bottom to top. The 
separators 18 in the stratified storage tank 11 prevent a rapid 
mixing of the individual temperature Zones. 
At the start of the cooling process for cooling the primary 

fluid circuit 3, the fluid of the secondary fluid circuit 8 is 
heated by the hot process water in the primary fluid circuit 
3. The energy from the primary fluid circuit 3 is therefore 
transmitted via the second heat exchanger 5 to the secondary 
fluid circuit 8 and can be stored in the stratified storage tank 
11. The hot fluid in the secondary fluid circuit 8 is loaded as 
a function of the temperature into the stratified storage tank 
11 beginning at the top via the different connections 13. 

In addition, the lowest temperature Zone 12 is cooled with 
the third heat exchanger 14. This serves to ensure that the 
fluid circuit 13 is cooled down as quickly as possible. 

During the next run of the method, i.e. during the next 
heating of the chamber 2, the hot fluid is removed in a 
stratified manner from the stratified storage tank 11. This 
occurs in a stratified manner until a positive energy input 
into the primary fluid circuit 3 can no longer be performed. 
From this point in time, the primary fluid circuit 3 is further 
heated via the steam line 6 until the target temperature is 
achieved. 
The degree of efficiency is higher during the cooling 

process because the third heat exchanger 14 in the stratified 
storage tank 11 operates additionally in a Supporting manner. 
The energy expenditure for the third heat exchanger 14 is 
lower than the energy expenditure during the conventional 
cooling process. The option exists to perform the cooling 
process only via the third heat exchanger 14 and the strati 
fied storage tank 11 or additionally via the cooling medium 
Supply line 20, which has the advantage, in the event of a 
failure of one of the systems, of being able to change to the 
other system. In the conventional process, the entire energy 
is removed via a cooling water system, usually a closed 
cooling circuit, from the primary fluid circuit 3. The cooling 
water system is itself cooled in turn via cooling units or 
cooling towers. By saving on cooling energy, the investment 
into the cooling system provided by the customer can on the 
one hand be less; and on the other hand, the running costs 
are also correspondingly lower. 
The sterilizing device 1 shown here as well as the asso 

ciated sterilization method can be used for a wide variety of 
chambers 2. An intelligent control system will ensure that 
the stratified storage tank 11 is always full. If fluid is 
removed from one temperature Zone 12, fluid is simultane 
ously pumped into another temperature Zone 12 So that the 
total volume in the stratified storage tank 11 remains the 
same. To this end, an intelligent control of the processes 
preferably takes place by means of controllable valves and 
temperature sensors in the piping, in the stratified storage 
tank 11, in the heat exchangers 5, 14, 19 and/or in the 
chamber 2. 
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What is claimed is: 
1. A sterilizing device (1) comprising: 
at least one chamber (2) for sterilizing products (4), 
a primary fluid circuit (3) connected to the chamber (2) for 

providing hot water and/or hot steam to the chamber, 
a secondary fluid circuit (8) for heating and/or cooling the 

primary fluid circuit (3), wherein the secondary fluid 
circuit (8) is connected to the primary fluid circuit (3) 
by a secondary circuit heat exchanger (5), and 

a stratified storage tank (11) in the secondary fluid circuit 
(8) having a plurality of temperature zones (12), 
wherein the sterilizing device (1) includes an individual 
controllable connection (13) for each of the plurality of 
temperature zones (12), and wherein each controllable 
connection (13) separately charges a respective tem 
perature Zone (12) with the fluid of the secondary fluid 
circuit (8) and separately discharges the fluid of the 
secondary fluid circuit (8) from the respective tempera 
ture Zone (12). 

2. The sterilizing device according to claim 1, character 
ized by an additional heat exchanger (14) for cooling the 
fluid in the secondary fluid circuit (8), wherein the additional 
heat exchanger (14) is connected to a cooling circuit (15). 

3. The sterilizing device according to claim 2, character 
ized in that the additional heat exchanger (14) is integrated 
into the stratified storage tank (11). 

4. The sterilizing device according to claim 2, character 
ized in that the additional heat exchanger (14) is integrated 
into the temperature Zone (12) having the lowest tempera 
ture. 

5. The sterilizing device according to claim 1, character 
ized in that the stratified storage tank (11) is configured to 
accommodate a fluid column, wherein the temperature zones 
(12) are disposed on top of one another or adjacent to one 
another in the fluid column. 

6. The sterilizing device according to claim 5, character 
ized in that at least one separator (18) is disposed in the 
stratified storage tank (11) in order to prevent a turbulent 
mixing of the fluid of different temperature zones (12). 

7. The sterilizing device according to claim 1, character 
ized in that the stratified storage tank (11) comprises at least 
three temperature Zones (12) which are separately charged 
with and discharged of fluid. 

8. The sterilizing device according to claim 1, character 
ized in that the stratified storage tank (11) comprises at least 
four temperature Zones (12) which are separately charged 
with and discharged of fluid. 

9. The sterilizing device (1) according to claim 1, wherein 
each controllable connection (13) includes a valve con 
trolled by a control device. 

10. The sterilizing device (1) according to claim 9, 
wherein the valve is a check valve. 

11. The sterilizing device (1) according to claim 10, 
wherein the control device controls the valve in an open 
loop. 

12. The sterilizing device (1) according to claim 9, 
wherein the valve is a mixing valve. 
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13. The sterilizing device (1) according to claim 9, 

wherein the control device controls the valve in a closed 
loop. 

14. A sterilization method comprising the following steps: 
sterilizing products (4) in a chamber (2) with hot water 

and/or hot steam from a primary fluid circuit (3), 
heating or cooling the primary fluid circuit (3) by means 

of a secondary fluid circuit (8), 
storing the fluid of the secondary fluid circuit (8) in 

different temperature zones (12) of a stratified storage 
tank (11), and 

separately charging a respective one of the plurality of 
temperature Zones (12) with the fluid of the secondary 
fluid circuit (8) and separately discharging the fluid of 
the secondary fluid circuit (8) from the respective one 
of the plurality of temperature zones (12) via an indi 
vidual controllable connection (13) for each of the 
plurality of temperature zones (12). 

15. The sterilization method according to claim 14, char 
acterized in that the fluid of the secondary fluid circuit (8) is 
mixed and/or removed in a stratified manner from the 
different temperature Zones (12) in order to heat and/or cool 
the primary fluid circuit (3). 

16. The sterilization method according to claim 14, char 
acterized in that the stored fluid is cooled by means of a 
cooling circuit (15). 

17. The sterilization method according to claim 14, char 
acterized in that the stored fluid, in the temperature zone (12) 
having the lowest temperature, is cooled by means of a 
cooling circuit (15). 

18. The sterilizing method according to claim 14, wherein 
the method is performed by a sterilizing device (1) including 

the chamber (2) for sterilizing the products (4), 
the primary fluid circuit (3) connected to the chamber (2) 

for providing hot water and/or hot steam to the chamber 
(2), 

the secondary fluid circuit (8) for heating and/or cooling 
the primary fluid circuit (3), wherein the secondary 
fluid circuit (8) is connected to the primary fluid circuit 
(3) by a secondary circuit heat exchanger (5), and 

the stratified storage tank (11) in the secondary fluid 
circuit (8), wherein the sterilizing device (1) includes 
the individual controllable connection (13) for each of 
the plurality of temperature Zones (12), and wherein 
each controllable connection (13) separately charges a 
respective temperature Zone (12) with the fluid of the 
secondary fluid circuit (8) and separately discharges the 
fluid of the secondary fluid circuit (8) from the respec 
tive temperature Zone (12). 

19. The sterilizing method according to claim 14 further 
comprising: 

controlling, via a control device, a valve of a respective 
controllable connection (13) for separately charging a 
respective temperature Zone (12) with the fluid of the 
secondary fluid circuit (8) and separately discharging 
the respective temperature Zone (12) with the fluid of 
the secondary cooling circuit (8). 
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